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FLUORIMETRIC DETERMINATION OF URANIUM IN SHALES, LIGNITES,

AND MONAZITES AFTER ALKALI CARBONATE SEPARATION
by
Norms S. Guttag and F. S, Grimaldi
ABSTRACT

Comparative data are presented on separations of microgram amounts
of uranium from milligram amounts of various metal ions with NasCOg-KzCOs,
NasC0s5~K2C03-Ho0p, and NapCOz-NaClO, The NaoCO3-K2C0s separation procedure
is applied to the analysis of shales, lignites, and monezites. This method
will determine as little as 0.001 percent uranium in shales and lignites

and 0.01 percent uranium in monazites.
INTRODUCTION

Several fluorimetric procedures, based essentially on two techniques,
have been developed in the Geological Survey and are used for the analysis
of uranium in a wide variety of material. One technique (Grimaldi agg
Levine, 1948) involves a preliminary isolation of uranyl nitrate by
solvent extraction from milligram amounts of sample, The second tech~
nique (Fletcher, 1951), based on Price's dilution method (1945), involves
no preliminary isolation of uranium and employs microgram amounts of
sample. Bach method has its advantages and disadvantages for routine

work which need not be discussed here.



The Geological Survey is constantly searching for new methods or
modifications that can be used to mdvantage in the determination of small
amounts of uranium, even if spplicable only to certain types of samples.
This contimuing investigation of methods of anmlysis for uranium involves,
among other things, evaluating known techniques and methods and devising
new applications of known facts for special purposes.

Precipitation with alksli carbonate 1s a standard procedure for the
separation of iron and other elements, that form insoluble hydroxides or
carbonates, from uranium which stays in solution as a complex carbonate.
It is a popular method of separation in procedures for the determination
of macro amounts of uranium but is rarely used when micro amounts of
uranium are to be determined. The neglect of this method in trace analyses
is partly due to the lack of available data on the performance of this
separation when small amounts of uranium sre involved.

The purpose of this study was to obtain data on the carbonate sepa-
retion method that might be applicable to the Burvey's work. The separation
proved to be remarkably efficient and, in conjunction with fluorimetrie
estimation of uranium, it was made the basis of a simple method for the
determination of small amounts (1 x 10~° g and more) of uranium in shales,
lignites, and monazites. This method will determine as little as 0.001
percent uranium, as the lower limit, in shales and lignite samples and

0.01 percent uranium as the lower limit in monazite samples.



EXPERIMENTAL DATA AND DISCUSSION

Preliminary tests were made to determine the efficiency of the
eerbongte separation of uranium from various metal ions. In these tests
sulfates of the test metals were used in amounts equivelent to 15 mg or
less of each metal oxide. This amount was determined by the fact that
the ecarbonate precipitation method proposed in this report employs
solutions containing no more than 15 mg of each sample.

The procedures used on the test samples follows

In the first experiments (method 1) a 5-ml aliquot of a
solution, containing a known weight of metal sulfate, 0.05 ml of HzBS04,
and 2.25 7y of U, was transferred to a glass~-stoppered test tube, Five
milliliters of mixed carbonate solution (made by dissolving 10 g NazCOg
and 10 g of K200z in 100 ml Hx0) were then added from a pipette and
the glass-stoppered tube shaken to give a uniform mixture. The tube
was placed in a beaker of hot water for half an hour at a temperature
of about 80°C. The tube was then removed, and the solution allowed
to cool to room temperature for one hour. Next the solution was fil-
tered through a dry filter paper (Whatman No. 42) and collected in a
dry test tube. An 0.8-ml aliquot of the filtered solution was trans-
ferred to a platinum container (3.5-cm diameter) and the solution
evaporated on the steam bath. Two grams of fluoride flux (9 parts by
weight NaF, 45.5 parts by weight NasCOs, and 45.5 parts by weight KazCOs)
vere gdded and the mixture fused over a burner at a temperature not

exceeding T00°C. Heating and mixing were continued for two minutes after



the flux melted. The fluorescence of the disc was then messured in a
fluorimeter designed by Fletcher and May (1950). The carbonate precip-
itate was dissolved in nitric acid and tested for occluded urnium by
the uranyl nitrate extraction procedure (Grimaldi and Levine, 1948),

In another set of experiments (method 2) the carbonate precipitation
was made after the addition of 1 drop of 30 percent Hz0z to the test
SOlLl'tiOD.S which had been made as before. In still another set of ex-
periments (method 3) the carbonate precipitation was made with 5 ml of
mixed carbonate solution containing 0.5 percent by weight of NeClO.

The NaCl0 was added to test the behavior of those elements that are
oxidized to higher velence states.

Table 1 shows the results obtained. None of the low results ob-
tained (method 1, NepCOsz-K2COs) was due to loss of uranium by occlusion
in the carbonate precipitate but rather was due to quenching of tﬁe
uranium fluorescence by the small amounts of the test elements escaping
precipitation. Most of the carbonate filtrates were colored when low
results were obtained.

Some additional dbservationé relating to the data in table 1 should
be pointed out. We note that the elements Y, Zr, V, As, Sm, and Gd are
completely soluble and that Co, Ce, Nd, Pr,and Al are slightly soluble
in carbonate solutions, This solubility is not due solely to the complex-
ing action of carbommte, The smouni of ﬂuliaxﬁhp;ﬁfgpsviq“thaisolutions
tested was found to increase the solubility of some metals. For example,
in the absence of sulfate, all the zirconium is precipitated as is almost

all of the cobalt.



(e 0]

sTqnTos L193aTdmO) “ (0] A -- (0 A €0%pH
aTqnros ATo%eTdmo) " co'e -- oT°2 Gg'e €o%ug
atqnros AT3UBTIS " mm.ﬁ -~ mm.a mm.m menm
aTqnTos AT3UITTS 22 -- 0°2 2°C P
aTqnTos ATUB1ITS 2D m g2 G6° T 06 T A €0%s1 Zm m+mowmo
aTaqnros ATIUITTS " QT2 08T 0G°T Ge°g 0%3D
sTqnyos hHMpmesoo X “ mm.m Mm.m A mm.m €0%sg Su m+mwmw
(o] oTdmo . : (0] c'c :
STRTes wwwnﬁomqm “ mw.m mm.m 222 Gz'e €0%w1
sTqnTOos ATs3aTdmo) " e Gz e A Ge'e (ejeuasas sB) BOZsy
aTqniosul i Ge'e ce'e Gz°2 ce'e €0So4 Bu G+OUZ
aTquosul “ ¢z'2 Ge'z G2 2 A : ouyz
aTANYesU] " Ge'e ot°e Ge'e ce g OIN
sTqnTOoSuUl " G6°T A Gz e e €0%ad Bm G+00D
aTqnTos ATIUITTS " cqo CL°0 GoO°T Ge e 000D
aTqnyos haummuﬂm mmw>. " mm.a mm.m oa.w mm.m mmmw
. . 5 .
sTqnTOS hﬁm»wﬂ ) " mm.m mm.m o ce oA
aTqnTos £T93sTdmOD u mm 4 2°'c mm 2 e 0z
aTqnrOSuUl A 0T°2 A :
sTqnTOSUT ” Gz e ¢z (A Gz 08D
sTqnTOSUI " ¢l o 06°0 Gg g ¢z'2 €0%94 Bm G+80%I) ©
STQNTOS 3BYMASWOY " Ge'e GT°2 cz'e ¢z e 03TV
sTqnToSsul QUON At &g e Ge°2 &g'ze €0cad
T Poy3sW T POU3SK ¢ POU3ISH 2 POUISW T POU3ISH
€0023- §00Z8 ©00Z) OTO®BN 20%g (£)
.00 N | _eppzey woasr | €002y-C00%eN | S00Z3-S00%EN | S00%-S00%eN | uewes usYey JUSWSTS U
Ul jusumeTa a4 onpIsSSI UT . ( L) sousdossaonTF Aq PSUTWLISESD mwnTuBIN

Jo A3TTIqnTOS

PUNoI WNTURIN

g8 Aasaooaa untusan qusreddy

SUOT3TPUOD 3593 SNOTJIBA JOPUN POU3ISW UOT3BIBISS 93BUOQIBD U3} JO AOUSTOTIIE--'T STABIL



Of the elements which are not precipitated, Y, Zr, V, As, Sm, Gd,
and Al do not quench the uranium fluorescence. It might be generalized
that the cerium earths are bad quenchers, whereas the yttrium earths
do not quench the uranjum fluorescence geriously. Mn, Co, and Cr are
elements which apparently seriously quench the uranium flucrescence,

The behavior of copper (cupric) in the carbonate precipitation is
erratic. In a few of our tests, copper was completely precipitated as
Cu0, However, the conditions for complete precipitation of copper
appear to be exceedingly critical, and the precipitation 1s usually
incomplete with much of the copper remmining in solution as & blue
complex, To insure the complete precipitation of copper, we have
found it desirable to reduce the copper to Cup0 with hydroxylamine
hydrochloride. This reagent is introduced only in those cases where
a blue solution persists after the bolling with alkali carbonate.

The blue color of the scluble copper complex is barely perceptible
at about 50 y of Cu in 10 ml of solution. Tests summarized in table 2
show that if the quamtity of copper is insufficient to yield a blue
color after the carbonate precipitation (that is, <50 ¥ Cu) no hydroxyl~-
gmine need be added; this amount of copper will not result in any quench-
ing of the uwranium fluorescence using the general procedure, When
hydroxylsmine is used, the data in tables 2 and 3 show that no loss
of uranium oecurs by occlusion in the cuprous oxlde preclipitate. We
have also confirmed the fact that the introduction of hydroxylamine
causes no significant change in the behevior of' the elements listed

in table 1.
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The data in table 2 were obtained as follows: 5 ml portions of
solutichs containing 4.5 7y U (uranyl nitrate), varying amounts of copper
sulfate, and 0.1 ml of (1 + 1) Hz804 were treated as previously described
(p. 6, method 1). After heating for 10 minutes in the bath, 0.05 ml
of & 20 percent aqueous solution of NHgOH'HCLl (20 g per 100 ml of HpO)
was added to some of the samples. The heating was continued for 20
minutes for all the samples. The samples were cooled for one hour.

The uranium content was then determined as before.

Table 2.--Elimination of interference of copper
with hydroxylamine hydrochloride

Cu0 Uranium NHgOH+HC1 added Uranium

taken taken (ml of 20 percent found
(7) (7) solution) | (7)
1.5 4.5 0.05 k.5
15 k.5 0.05 k.5
™ k.5 0.05 k.5
150 k.5 0.05 4.6
750 L.5 0.05 k.6
500 4.5 0.05 k.6
None k.5 None ' L5
1.5 4.5 None 4.6
7.5 k.5 None 4.6
15 4.5 None P

™ k.5 None 4.6
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0f the three methods used to obtain data in table 1, fluorimetriec
results based on carbonate-peroxide separstion (method 2) are poorest.
The carbonste-hypochlorite method (method 3) is better than the simple
carbonste method (method 1) for samples containing rare emrths and
would be the method of choice were it not fbr the serious interference
of chromium, Of the elements tested in the simple carbomgete method
(method 1) only cerium, cobalt, and copper can interfere when uranium
is determined fluorimetrically. The interference of copper is readily
overcome by use of hydroxylamine.
In determining uranium in shales, lighites, and monazites we selected
the simple carbonste separation for the following reasons:
1. 8Bhale and lignite samples do not contain sufficienﬁ cerium
or cobalt to interfere in & fluorescence method based on 1.2 mg of sample,
2. Although cerium would normally guench the uranium fluores-
cence in a 1.2-mg sample of monazite, the fact that the umj,ﬁm content
of monazite is usually greater than 0.1 percent emables us to use a
sufficiently small sample (0.12 mg) to eliminate any quenching due to
cerium. For the 0.12-mg sample used in the procedure for monmwite,
cerium will not interfere when the monazite contains 0,01 percent

uranivm or more.
PROCEDURE FOR SHALES AND LIGNITES

The procedure used for shales and lignites follows:
1. Weigh 0.15 g of sample (minus 80 mesh) into a 7O-ml platimm dish,
2. Ignite the sample gently to remove organic mstter. Cool a&nd

moisten the sample with water.
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3. Add 1 ml (1 + 1) Hg804 snd ceutiously add 5-10 ml HP, Digest ssmple
on the steam bath snd tiwu evaporate the solution to remove water, _

%, Bring the sample to Pumes of sulfarie and fume for sdvcnl ninutes,
Cool.

5. Cautiously add 25 ml of water, digest the sampls on steam baih
stirring te effect solution. Cool w roon Lempersiure.

6. Tranafer the contents of the mh to & 50-ml glasg~sioppered
gradunted cylinder. Make to 50 ml with weter, Mix.

T, Teke & 5-ml aliquot amd transfer the solution to & 25-ml glees-
stoppered test tube.

8. Add 5 ml of mixed carbonete soludion (10 g Naz00g + 10 g KaCOs per
100 ml of water) and mix,

9. Place the stoppered tube in a besker of hot wster and let stand for
30 minutes at 80-90°C. If, after 10 minutes of hesting, s blue solubion
is svident, scol, add 0.05 ml of 20 psrcent hydroxylamine hydrochloride
solution {mmde by dissolving 20 g NHgOR-EOl in 100 ml HgO) snd resume
the heating for mnother 20 minutes,

10. Remove the tube from the bath and allow the solution tp soel for

an hour at raom temperature.

11, Filter part of the solution through & dry filter paper (Whatman No. 1&25
into g dry test tube. The filter paper may be convenimatly held in place
by the test tube itself,

*12. Take an 0.80-ml aliquot and transfer the sglution to a standard
platinum container (average diameter about 3.5 om) and gvaporate the
solution on the stesm bath.
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13. Add 2 g of flux (9 parts by weight NaF, 45.5 parts by weight NazCOs,
and 45.5 parts by weight KzCOs).

14. Heat over a burner until the flux melts and then for an additional
2 minutes, mixing and swirling the contents to assure a uniform melt.
The temperature of the container should not be allowed to exceed 700°C
during the heating period.

15. Place the dish on an asbestos pad to cool.

16. Measure fluorescence of the disc in the fluorimeter (Fletcher and
May, 1950) and convert to percent uranium by reference to a standard
curve. The standard curve is prepared by fusing various amounts of
uranium with the fluoride flux and measuring the fluorescence intensity

of the discs.

PROCEDURE FOR MONAZITE

The procedure for monazite differs only in the method of preparing
the solntion\and in the final size of sample itaken.
1. Weigh 0.0800 g of representative finely ground monazite into a
platinum crucible.
2. Add 0.6 g of flux (2 parts by weight NaF and 3 parts by weight K28207) .
3. Fuse the sample over a low burner until a clear melt is obtained
{(about 30 seconds). Cool.
4, Add 0.4 ml of concentrated HsSO4. Heat gently and at a low tem-
perature until all the fluorine is removed and a clear pyrosulfate melt
is obtained. This fusion proceeds through several stages. In the

first stage some frothing is apparent until the pad disintegrates.
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The melt is usually colored and muddy at this point. In the second
stage the melt thickens appreciably and becomes lighter in color, 1In
the final stage a clear pyrosulfate melt is cobtained. The total time
for the complete process takes about 3 1/2 minutes. Cool.

5. Add 10-15 ml of weter and 2 ml concentrated HoSO4. Digest the

melt on the steam bath. Stir occasionally until the melt is completely
disintegrated.

6. Transfer the sample to a 100-ml glass-stoppered graduated cylinder
and make up to 100 ml with water. Mix. Generally a complete solution
is obtained within 5 minutes. Sometimes a cloud (presumably anhydrous
rare-earth sulfates) persists after 5 minutes. This is not important
as long as the sample has been completely decomposed.

7. Disperse the mixture by shaking. TImmediately draw off a 5-ml
aliquot and transfer to a glass-stoppered test tube.

8. Proceed according to steps 8 through 11 of the procedure for shales.
9. Take a 0.3-ml aliquot and proceed as in the proeedure for shales

steps 12 through 16.

RESULTS OF ANALYSIS

Taebles 3, 4, and 5 list the results obtained by the carbonste-
flucrimetric procedure on shales, lignites, and monazites, respectively.
The results for the shales and lignites agree closely with those obtained
by the uranyl nitrate extraction procedure (Grimaldi and Levine, 1948).
The results on monazites show good agreement with those obtained by

colorimetric analysis (Grimaldi, 1946). The carbonate precipitates
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from the shales and lignites were also tested for uranium by the
extraction procedure; uranium was not occluded.
Table 3.--Comparison of uranium analyses of shale by the

carbonate~fluorimetric procedure and by the uranyl
nitrate extraction procedure

Saﬁple Percent uranium Percent uranium
no. Obtained by the carbonate- | Obtained by uranyl | occluded by car-
fluorimetric procedure nitrate extraction | bonate precipitate
1 0,006 0.005 0.000
2 0.008 0.008 0.000
3 0.005 0.005 0.000 -
L 0.007 0.006 0.000
5 0.005 0.006 0.000
6 0.005 0.005 0.000
7 0,006 0.006 0.000
8 0.003 0.003 0.000
9 0.005 0.005 0.000
10 0.00k 0.005 0.000
11 0.005 0.005 0.000
12 0.004 0.004 0.000
13 1/ 0.003 0.003 0.000
14 1/ 0.01k 0.015 0.000
15 1/ 0.005 0.005 0.000
16 1/ 0.003 0.003 0,000
————————

;/ These samples are mineralized shales containing from 4 to 10
percent CuQ. Results for uranium cbtained by the procedure using
hydroxylamine hydrochloride.
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Table 4.--Comparison of uranium analyses of lignites by the
carbonate-fluorimetric procedure and by the uranyl
nitrate extraction procedure

Percent uranium Percent uranium
Sample | Obtained by the carbonate- | Obtained by uranyl | occluded by car-
no. fluorimetric procedure nitrate extraction | bonate precipitate

1 0.015 0.016 0.000
2 0.011 0.011 0.000
3 0.012 0.011 0.000
b 0.012 0.013 0.000
5 0.011 0.011 0.000
6 0.010 0.010 0.000
7 0.018 0.016 0.000
8 0.017 0.018 0.000
9 0.018 0.019 0.000
10 0.015 0.015 0.000
11 0.02k 0.025 0.000
12 0.027 0.029 0.000
’13 0.014 0.013 0.000
14 0.02% 0.025 0.000
15 0.027 0.029 0.000
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Table 5.~--Regults of uranium analyses of monazites obtained
by the carbonate-fluorimetric method compared
to those obtained colorimetrically

1e Percent uranium
T Obtained by the carbonste-
no, fluorimetric procedure Obtained colorimetrically 1/
0.39 |
.32
1 0.37 0.5
0.26
2 0.26 0.24
0.16
3 0.17 0.16
k 0.38 0.38
5 0.26 0.28
6 0.35 0.34
7 0.67 : 0.64
0.25
8 0.26 0.26
9 1.1 1.0
10 0.27 0.28
11 0.26 0.23
12 0.24 0.22
13 0.2h 0.22
14 0.27 0.27

1/ Analyst, Henry Mgla, U. S. Geological Survey.
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